Airbone fungi are considered important causes of allergic rhinitis and allergic asthma. The knowledge of these fungi in a city or region is important for the ecological diagnosis and specific treatment of allergic manifestations induced by inhalation of fungal allergens. The airborne fungi of Fortaleza, State of Ceará, Brazil, were studied during a one year period. Five hundred and twenty Petri dishes with Sabouraud dextrose agar medium were exposed at ten different locations in the city. The dishes exposed yielded one thousand and five hundred and twenty one colonies of twenty four genera. The most predominants were: Aspergillus (44.7%), Penicillium (13.3%), Curvularia (9.8%), Cladosporium (6.8%), Mycelia sterilia (6.0%), Fusarium (3.5%), Rhizopus (3.1%), Drechslera (2.6%), Alternaria (2.4%) and Absidia (2.2%). The results shown that Aspergillus, Penicillium, Mycelia sterilia, Fusarium and Alternaria were found during all months in the year. Absidia was more frequent during the dry season. Anemophilous fungi and the high concentration of spores in the air are important because may result in an increased number of people with allergic respiratory disease.
INTRODUCTION
There are multi-thousands of recognized species of fungi. They are found in soil, in water, on animals, on vegetation, in humans, and in almost every part of the environment. Anemophilous fungi are spread by the atmospheric air. Fungal spores are always present in the air, with rain and snow washing down most if not all spores from the air, and sunshine and wind cause an increase in the atmospheric distribution of such spores 1 
.
Fungi are eukaryotic, filamentous and mostly spore-bearing organisms, which exist as saprophytes or as parasites of animals and plants. The development of allergies to fungi follows the same biological phenomena as allergies to other environmental allergens. Fungal spores are ubiquitous and the number of fungal species present in the environment is estimated to be at least one million. Some genera of airborne fungal spores such as Alternaria, Aspergillus and Cladosporium are found throughout the world. The airborne spores of these fungi are generally considered to be important causes of both allergic rhinitis and allergic asthma 12 .
Qualitative and quantitative knowledge of these fungi in a given region is of great importance and concerns because they can cause several respiratory diseases in man such as asthma and rhinitis when inhaled 15 .
Due to increasing awareness of the relationship of airborne fungi to allergy in patients suffering from asthma and rhinitis, many scientists and allergists began to study the presence and type of fungal spores in both indoor and outdoor air, using various collection methods. The most common procedure involves the use of microscope slide coated with petroleum jelly or silicone that is exposed to air for 24 hours. The fungal spores collected (as well as the pollens) are counted by the aid of microscope. To aid in identification of fungi, the culture plate exposure method (gravity method) was adopted routinely to study the number and type of fungi in the air 1 
Although certain genera of fungi are common in urban areas, those that are specific to cities or regions may be important in terms of epidemiology and therapeutics. For the diagnosis of allergies and hyposensitizing treatments it is necessary to know the airborne mycota and differences between them 8, 9 .
The expansion of the knowledge about the diversity of airborne fungi, besides increasing concern about potential allergenic microorganisms, and the search for new indicators of environmental pollution have been the main reasons for the existence of several studies of airborne fungi in Brazil 3, 4, 6, 7, 8, 9, 13, 15, 16, 17, 18, 19, 21 .
The main purpose of this study was to determine the prevalence and seasonal variation of anemophilous fungi in the atmospheric air of Fortaleza -Ceará, in order to contribute to the knowledge of diversity of airborne fungi and distribution in the region.
MATERIALS AND METHODS
The city of Fortaleza is located on the East coast of the State of Ceará, Brazil, at latitude 3º43'2" South and longitude 38º32'35" West. According to Koppens' classification, Fortaleza's climate is tropical humid, with an average annual temperature between 26 ºC and 28 ºC. Typically, there are two seasons, a rainy and a dry.
The rainy season extends from February through July, with slightly lower temperatures. During the rainy season of the year of study (1999), the following averages were recorded: precipitation, 1883.5 millimeters; barometric pressure, 1009.1 millibars; relative humidity, 83.5 percent; wind velocity, 2 meters/second and temperature, 26.8 ºC. During the dry season, which extends from August to January, the following averages were recorded: rainfall, 260 millimeters; barometric pressure, 1009.95 millibars; relative humidity, 74.7 percent; wind velocity, 3.1 meters/ second and temperature 27.3 ºC.
Ten locations of the city were selected for data collection: Cidade dos Funcionários (CF), Papicu (PP), Aldeota (AL), Centro (CE), Barra do Ceará (BC), Antônio Bezerra (AB), Parangaba (PA), Mondubim (MO), Rodolfo Teófilo (RT) and Fátima (BF). Every week during the year of 1999 (January to December), samples were collected using Petri dishes containing a medium of agar dextrose Sabouraud. With the exception of rainy days, these were exposed to the air for 15 minutes, at 1.5 meters above the ground. A total of 520 dishes were exposed.
After seven days at ambient temperature colonies were isolated in the same medium for the observation of formation of macrocolonies. Micromorphology was observed after microcultivation 10 , following RIDDEL 20 and the fungal strains were identified using the classifications of BARNETT & HUNTER 2 , KREGER-van RIJ 11 and McGINNIS et al.
.
Non-sporulating fungi were transferred to agar potatoes medium and kept at room temperature under white light, between 7 to 10 days, to sporulate.
RESULTS
The 520 dishes exposed yielded 1,521 colonies of 24 fungi. Nonsporulating strains were grouped in Mycelia sterilia. Table 1 shows the number of the colonies and frequency of each fungal genus in the city of Fortaleza and the ten collection sites. The ten most frequent airborne fungi isolated were: Aspergillus (44.7%), Penicillium (13.3%), Table 2 shows the monthly distribution of each genus. The most frequent airborne fungi, Aspergillus, Penicillium, Mycelia sterilia, Fusarium and Alternaria were found all months during the year. Absidia was more frequent during dry season. Geotrichum and Nigrospora were isolated only in January, Phoma only in September and Verticillium only in August. Trichoderma was isolated in January and July and Acremonium in February and March. The remaining genera were randomly present throughout the year.
DISCUSSION
Fungal spores are ubiquitous constituents of both indoor and outdoor air samples. Some genera of airborne fungal spores such as Alternaria and Cladosporium are found throughout most of the world. Spores are generally considered to be important causes of both allergic rhinitis and allergic asthma; mould allergy, however, is the least understood and studied of the major forms of inhalant allergy 1 . In order to diagnose the presence of airborne fungi, several qualitative and quantitative techniques are used depending on the study place; in our study the airborne fungi spores were performed by the culture plate exposure method (gravity method). The 520 Petri dishes were exposed in the air.
Reports and surveys of airborne fungi from all parts of the world appear in the literature 1 . Among the airborne fungi that spread air spores and are important aeroallergens in the world are Aspergillus, Cladosporium, Alternaria, Penicillium and others 1 . These data are similar to those found in our work. The 520 Petri dishes exposed yielded 1,521 colonies of 24 fungi and the airborne fungi predominant in the air of the Fortaleza city were: Aspergillus (44.7%), Penicillium (13.3%), Curvularia (9.8%), Cladosporium (6.8%), Mycelia sterilia (6.0%), Fusarium (3.5%), Rhizophus (3.1%), Drechslera (2.6%), Alternaria (2.4%) and Absidia (2.2%) ( Table 1) .
Fungal spores are especially important in the tropics, in which climatic conditions are very favorable to the growth of fungi and may result in a high concentration of spores in the air, which in turn causes an increased incidence of allergic diseases 1 . In several countries Penicillium and Aspergillus had the higher concentration of spores 1 , as in our study. TOTAL  213  134  119  110  188  130  81  103  78  122  103  140  1521 Most of the data on fungi collected in Brazil are originated from the South and Southeastern region of the country, where the climatic conditions differ greatly from the Northeast. Because of the climatic differences it becomes difficult to make seasonal comparison of the fungal genera common to different regions. PURCHIO et al. 18, 19 , for example, observed a predominance of Cladosporium in the Baixada Santista area during the cold months. In Fortaleza this genus was isolated during the whole year, with predominance of colonies during the dry season (Table 2 ).
In a similar study MEZZARI et al. 15 revealed a prevalence of airborne fungi in Porto Alegre city, and the fungi most predominant found in the air of the city were: Cladosporium, Aspergillus, Penicillium, Curvularia, Alternaria, Fusarium and others. In our work similar results were also obtained, and the genera most frequently found in Fortaleza were the same identified in Porto Alegre city, despite of the climatic differences of the regions Northeast and South (Table 1) .
SCHOENLEIN-CRUSIUS et al. 21 , in a similar study, found that the airborne fungi of Cubatão city, São Paulo state, air pollution caused by fertilizer industries, steel works, cement factories and chemical products industries, among others, was composed by 19 common, 10 rare and two constant fungal species, among the obtained fungi, at least 12 genera were reported as opportunistic fungi, 26 have been mentioned related to plant diseases and eight have been associated to respiratory allergy. Our work found fungi associated to allergic respiratory disease.
The genera most frequently found in Fortaleza were the same identified in other cities of Brazil: Aspergillus, Penicillium, Curvularia, Cladosporium, Mycelia sterilia, Fusarium, Rhizopus, Neurospora, Rhodotorula and Aureobasidium
17
. The continuous presence of spores of genera Aspergillus, Penicillium, Cladosporium and Curvularia alerts physician to the importance of continuously monitoring patients with allergies for these fungi.
Recife, Natal and Fortaleza are close and climatically identical cities. Aspergillus and Penicillium were more frequent in Fortaleza, Recife and Natal. Curvularia appear with most frequency only in Fortaleza. Mycelia sterilia is common in the three cities 13, 17 .
In our study, 1,521 colonies of airborne fungi were detected and identified. Months from January through June, with slightly lower temperatures, shown a higher incidence of fungal spores with 894 colonies of the airborne fungi, and a lower incidence during the months of July (81 colonies) and September (78 colonies) ( Table 2) . September is a month dry and hot, in disagreement with BURGE et al. 5 , in San Francisco, that observed the higher prevalence of fungal spores during the dry and hot seasons. In our study, however, we did not measure the air humidity to verify this observation.
In the collections in Aldeota (AL) the greatest number of the airborne fungi genera was isolated (Table 1) . Aldeota, an important economic region, nearly the sea, presents a low level of air pollution. In Centro (CE) was isolated a smaller number of airborne fungi, these results suggesting the existence of chemical pollutants that inhibit the sporulation of the fungi.
Therefore, the absence of significant differences in the number of colonies of fungi among the ten collection sites in Fortaleza suggests a low and homogeneous level of air pollution. This is probably linked to the small number of industries in the city and the fact that the existing ones are of the non-polluting types.
The occurrence of the great number of the allergenic fungal emphasizes the importance of the study of airborne fungi in Fortaleza. Fungal spores are especially important in the tropics, in which climate conditions are very favorable to the growth of fungi and may result in a high concentration of spores in the air, which in turn causes an increased incidence of allergic respiratory diseases.
RESUMO Fungos anemófilos isolados na cidade de Fortaleza, Estado do Ceará, Brasil
Fungos anemófilos são importantes causas de rinite e asma alérgicas. O conhecimento destes fungos em uma cidade ou região é importante para o diagnóstico e tratamento específico de manifestações alérgicas provocadas por inalação destes alérgenos. Os fungos anemófilos da cidade de Fortaleza, Estado do Ceará, Brasil, foram estudados no período de um ano. Quinhentos e vinte placas de Petri com meio ágar Sabouraud destrose foram expostas em 10 diferentes locais na cidade. Nas placas expostas foram isoladas 1.521 colônias de 24 gêneros diferentes. Os mais predominantes foram: Aspergillus (44,7%), Penicillium (13,3%), Curvularia (9,8%), Cladosporium (6,8%), Mycelia sterilia (6,0%), Fusarium (3,5%), Rhizopus (3,1%), Drechslera (2,6%), Alternaria (2,4%), e Absidia (2,2%). Os resultados revelaram que Aspergillus, Penicillium, Mycelia sterilia, Fusarium and Alternaria foram encontrados durante todos os meses do ano. Absidia foi mais freqüente durante a fase seca e sem chuva. Os fungos anemófilos e a alta concentração de esporos no ar são importantes porque podem resultar em um aumento das doenças alérgicas do aparelho respiratório.
